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syecds lets then ‘: 
forces caused by these Shock waves led to Uno use of cive revovery 
flans. Those flaos on fullesize airmla ies, when actuatec Ov cthe pilot 
in &@ civ@, or in pulling out of a aive allow the vilot at loaet ensuch 
control 0 overcome the large diving moment qaused vy tne shock wares. 
These chenaaena are related not just to the wing, out to the iterree 
lavion between the wine and tho tails; recovery of the use of the tail 
as a coitrol surface operated within the ~uscular strungth of the o.ilo% 
is inserent in the use of dive recovery flaps. 

the first solution to this nroble» was made by trial ana error. 


Larre sized airnlane rodels were fitted with dive recovery flaps as 
in reference 1 anc tests meade in wince wrmel. ‘fests wero also made 
on actuel ais olenes «under ectual flicht conditions. The vxosition chord- 
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Wise or sc_™mTicd, ¢ize, and ancle of deflection were all pearaneters 
of these investizations. I+ roference 1 the flans were pleced at 
03, of the wing chord for structural reasons whicn coula necessarily 
be anotter cm sidorktion. 

“ie to tne exigencios of the sitmution final results were dusSired, 
and no theory or empiricsl data were serived, whe theory of the effect 
of increavins -ach numbor cn the lift, draz, ani moment of an airfoil 
witnout rlepe is fairly well defined by references 2, 3, 4, 5, 5, 7, 
anc oticrs, «= larve amount of empirical date has betn obtained to 
Substcentitteo these theories, Soreover, some relations of the forma- 


tio and cype of shock wavos to tho oressure distributian heave becn 


esuBblishoad in reference 3, 
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problems, Nowever, tho measurement itself was inaccurute because it 
does not measure all the lift lengthwise in the tunnel, and it does 
measure the decrement of lift due to the conparatively large boiidary 
layers on the sides of the tunnel] end their effect on the spanwise 
lift distribution of tho airfoil, .- correction was made for the 
fraction of the lift not measured on the top and bottom wells, but 

no correction was made for the non-uniform soanwise lift distribution. 
Therefore, the lift cocfrficients reoorted are essentially spanwise 
averafes, and are lower than the true section lift coefficient on the 
tunre] C.L. It was desired to reduce the data primarily to show the 
increment of lift due to the flaps and the rate of change of this 
increment alone the chord. However, it was also desired to compare 
the data and schlieren pictures to miscollaneous investigations such 
as included in referonces 1], 3, 5, and 6. 

The tests were conducted in a twoedimensional, open return, ine 
duction bype wind tunnel having a test section of one by ten inches 
cross-section by twenty inches long. It is capable of giving a Mach 
number of 0.87 with no model installed. 

The tests were made at the Gugeenheim Aeronautical Laborstory of 
the California Institute of Technology in March, April, and Mey of 
1946, The tests were made in collaboration with the tests made for 


the investigation of reference 12, 

































The wind tunnel in which this investircation was carried out is 
of the ge free air entrance, opon return, induction typ 
The Hetails of its construction are described in referenees 13 and 14, 
A Oicture of the tunnel is shown in Tig. 1, The working e6é€¢tion is 
20" lone with e cross section tavering from .9" x 10" at the entrance 
to 1.0" x 10" at the berinning of the diffuser section. The taper 


is to allow for the growth of boundary layer along the walls, ln 


cr 


his investigation it was necessary to replace the tapered rloor and 
roof blocks of the workiaz sectioa of the tunnel. fhese blocks con- 
trained the drilled holes into which were inserted the omssure tubes. 
The bloczs have boen mado of a leminated plastic, but had become So 
warned by «imensional laowa 1 thet the glass side walls no lonver 
fitted sauply. In addition, the warping caused a misfit of the bell- 
mouth on the tinnel entrance which gave rise to considerable turbulenes. 
Por those reasois the plastic bloeks were replaced ty fale Hiltiee bress 
blocks. 

Previous surveys of velocity lad been made in the working sec- 
tion ne it had been detormined thet the flow was satisfactorily 
uniforn vertically in the working rerion, The ~aximam Mach number 
attainable with no model in tho tunnel was about .87 and with a model 
in the tunnel this value was reduced to about . 82, 

The three models onal in this investication were constructed of 
machined brass. «11 had an sibca 65) ~- O12 section, with 4" chord and 


each contaised a flan of 10 chord lenrth loceted resnectively at 15}, 
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30%, and 4% of the chord from the leading ede. The flaps were 680 
construczed as to recess lush with the lower surface when retracted, 
and to extend st an angle of 45° to the chord line when actuated by 

a tur on fo small wire leading from a luz on the side of flap, Jownstrearn 
arainst tho glass side wall (4n the bountary layer). Tho wire was 

led out of the tunnol in the diffuser section through a small hole 
drilled in tbe side wall. 

fn ordinary theodolite was used in conjunction with a small 
surface roflecting mirror attachec to ean extension shaft on the aire 
foil support trunnions to determine angle of at*ack. A schematic 
diargran of the angle of attaok measuring device is shown in Fig. 4. 

The schlieren equipment contained two alternate sources of' light, 
one an ordinary bulb, and the other a snark with a 1074 second e*posure. 
The spark sourco was used to take all pictures, 4A schematio diarran 
of the schlieren equipment is shown in rir. 4. 

Additional details of the model construction, the schlieren 


equinnent, and the engle of attack mechanism may be found in reference 12. 








lt was desired to obtain data in two cateyories; tho flap r- 
tracted condition and the flap set condition. Ihe term flap set is 
to be construed as moaning that the flap was locked in the down »0Sie 
tion at the beginning of tho run, (= 0), and then the air speed 
was increased to the desired Mach mumper., Consicerations of the de=- 
tails of oncration such as cleaning the “lass sidewalls of the tunnel 
and retracting the flap led to the acontion of the sequence af opera- 
tions hereinafter described. 

The designated model, properly vasketed, was attached to the 
control wiro by which tho flap was ectuated, The model trunnions were 
then inserted into the bearings provided and the bearings themselves 
inserted into the drilled fitted holes in ‘the glass side walls, The 
side walls were then pressed in against the ~odel by tightening the 
screws provided for that purpose until the model was lightly held by 
friction alone, Then the model was tapped lightly until it was approes 
ximately at an anrle of attack of 0° as determined by measurements 
made with a stoel rule. ‘Next a considerable pressure was set uo on 
the side walls to keep the airfoil from slipping. 

“sth the airfoil now set and the theodolite in position and 
leveled, the mirror was slioned onto the integral shaft orotruding 
from the airfoil throurh the trunnion and the mirror was rotated by 
hand until it could be lined up at apvroximately sero on the anglo of attack 
scale. The mirror was thon fixed in this »vosition relative to the 
airfoil by a set sorew. The reading taven through the theodolite 


then was recorded as the reference readiny. 
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fio bellmouti) wee thet! iastulled aa the tanwl ewrted. tem 
tie UW6iFed Mach number Aad been obtained by wahigulAtiog of 1% 
chhbresSor S-"™|s5s value, & Drwari .np' sipmal Whe fiven bo aw #Ariou 

° 
gtokin ve mad te omermtioas ef Uhine tt tchlieren photos, and rp- 
coriiay the maanicter liguid heights by colore® pencil o1 @ ~ray 
nao backir were corclided as expyditioisly 43 7 7@sivlle. 

IP the Slans had been down on a previous run and it was dasired 
to obtain o flen retracted run it was recessary to tims She pul 
iowrn, sleélc off om the control wire ai? oress whe flan back imo 1Us 
recess60d .o8itiol by cerns of a thin teol inserted through the boll- 
moutt: for this vursose. The inefficiency of +>is »xrocedire was offset 
by the fact that it was necessary to stoc the tunnel at frequent in- 
tervals anywer- to yvermit the compressors to cool; ths runs were so 
erreneed as to coincides with these intorvals insofar es was possibdic. 

vith the runs completed at one angle of attack, the vsllmouth 
was ronoved, the side well clsins loosened to porcit foreed soverent 
o° the air’oil, and the eirfoil thea sently tapped with & wooaen 
stick uatil it had shifted to the next desired auclo as dot-rmined 
by the theodolite. 

Thon the walls were again clearoed, the vbellmouth reinstalled 
and anather series of runs were executed at this new angle. 

“When rans at el] desired ancles had been obtained by theso 
methods, the tunnel was disassembled sufficiently to remove the old 
moesl erd renlace it with the new ~odel. “‘*lep up runs were intersversed 
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with the flen set runs to vermit corroletion of the referenee anjles to 



































iderations of the fact that a plot of “ ve. 
Gc for a syerdvricel airfoil must pass throadn 0,0. 


. wrie? discussion of operating viffioulties im the Cunnel my 





pe of iitprest co indicate tno nevure of some of the provlews ecn- a 
counte~ed, foe most serious problem from a standpoint of tine and 
exhense was Tie Sre kago of the rluss side walls. our sides Wdérc 
broken duriae the exxrindat. ince nono of the sides were broxén 


Quring the actdul operation of clatining up the sidos of the ‘munmel] 





aghinset the sirfo.l, ou. insteeu occurred during, or after the runs 
hed been camploted, it was felt that tins dreukage could not be resurded 
as resulting from rough hundling., All fullures were stirting at the 
ends of the elliptical slot and radiating outward as was to be expecte d. 
fn elemeatary analysis indicated the stress to be excessive in that 


region. ‘or this reason the side walls were rgdesigned to contain a e 





cirenlar hole, thus reducing the stress concentration by about one= 
half, and tne wirfoil rodels were machinod dow to allow the use of 
& thin rubber rasket on each side to distribute the load more evenly. 
Thé probler yi6éléec to this trentment, 

Another problem was that of the ~anometer licguid. «Alcohol was 
used for the first few runs, which wero all cither with no flaps 
or with flaps at very low angles of attack, Leud perchlorate was 
was then used and it, too, was found to be too light to keep the | 
pressure differancos within the 40" limit of the manometer board at 
the hishest engles of attack desirable, Uther liguics investipzated 
hed an adverse effect on the properties of rubber, or stecl or both, 
so that mercury wes used in all the runs at 30% chord, 45) chord and 


= 
at 2 and 3 defroes for 157) chord. Had time pennitted, the construction 


_— a 





of an all jlass muanometor Would Ntu+re bedn uebireble in orudr to jse 
tetraetihyl bromide, ‘fowevsr, this wowld aloo omve meet that cue 
masioneté1 bor rd woulc. Mave hind to he rbJesiocned und ~ade much lire r, 
OY m@r cary woul. hevs tad to have bev. ised erywily. 

wuCcesse the Schligrev pictures wele tuktn Witi a so&rh sourve 
at wes Meessurv to darken the rourl Lo Delle cictares @uc to chahee 
phobegramhic olateb. «nis procedurt otVidtisly hemoered optreti mis. 
ro Ube réadings reoérued oo Ené “baoh pa.er velinde tho “ano 
guttr times, vréssure ciffertuccs setae Miching pvetirs o: orl f nese, 
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LOU GM OUTtO, were meusuree, whece cilf€ronces AV p, wero then plo 


ee 


ved 


ct 


on Af grepn vs. Gistence alon#® tunnel axis, Bud the area under time curve 

Wee initepraved oy a planimeter fo devermine lirt. The cy:vemic mreiare, 
t 

Gs wes deverncined Cy meens of m momsursmect of the #ltagnetion vrowemnre, 


Po» Which ur this cise was atuossheri>, with the aic of the reigsio: 


_ vt. Z 
vj i a Tie | 


vith q end L thus determined end DP. detcrmined from the barometer, 
a 





Up was evaluated, Additional curvos were then cross plotted as in= 


dicated under Fesults, 
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CORRECTIONS AAD PMEGLIUTION 


“easurewent of the free stream wach number directly was imposwible 
Jue to the sizo of the wind tunnel. “With no model in the tunnel a 
len*thwise pressure calibration showed that e measurement at one of 
the middle orifices would give the true free stream ¥ach nurber. 
‘owever, insertion of the model influenced all orifices after the 
secoid orifice. 

‘easurement of the ach number was made at the second orifice 
by measuring p = Po On A manometer board using & scale to read directly 
in «ach number by use of che following equation: p 

OP-P-)= be (ae Ger’ rr -ge 

This “ach number was corrected to the free stream Mach number by 
plotting a curve off versus uncorrected M; this correction was 
adijitive in all eases, This curve was obtained from calibration rung 


made with no model in the tunnel. The Mach number at the second 


orifice was commuted from the P/P, relationshin: 


Mpo=( 1 + r= > )imv 


Solving for F for air: = 
m= Yol[(ey 4 | 


The true free stream Mach number was also computed by the same rolation- 
Shio from the p/ DE near the middle orifices and the difference plotted. 
“or a 9/? of 0.722 at the second orifice a P/Po of 0.715 was 


obtained in the free stream. his rave an uncorrected Mach number of 
a 
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COUMECTIONG AGL OChwCL TON 


“easurenment of the free stream “ach number directly was impossible 
dne to the size of the wind tunnel. “ith no model in the tunnel a 
lenvthwiss pressure calibration showed that a measurement at one of 
the middle orifices would give the true free stream Zach number. 
nowever, insertion of the model influenced all orifices after the 
Second orifice. 

‘easurement of the iach nunber was made at the second orifice 
dy measuring p - Po on a manometer board using a scale to read directly 


in ‘ach number by use of cho following equation: 
r 


—~| I * eee 
(p-b-) = po (1+ Gin oer 
This Mach number was corrected to the free strean Mach number by 
plotting a curve off versus uncorrected M; this correction was 
adiitive in all cases. This curve was cbtained from calibration runs 
made with no model in the tunnel. The Mach number at the — 


orifice was computed fron the of), relationship: 
P ~ a a a 
po=( i + tlm 
A 
* for air: _ 


Mm = s[(ey"" ~ © 


The true free stream Mach number wes also computed by the seme rolation- 


Solving for 


Shio from the D/O near the middle orifices and the difference plotted. 
“or @ 2/? , of 0.722 at the second orifice a P/P of O.715 was 


obtained in the free stream. ‘his gave an uncorrected Mach number of 





La 


4 


0.6098 @ha 2 corrected one cl 0,799, & ATfPerenec oF clus GOlL. 

rt wns Polawi wiht et emy Bach runber below 0.22 10 correction 
WAS °c@stary. 

me tle direct readige uncorrecte”’ Back Sgalc wis becwel on t 
standard P. (745 wr tig.) ay investipationa of the e"fect of tile cine 
of p, was cBrrifd out. “his curve was plottod, but ovor the period 
of the. w8hts the corrsetion to Mach number whS aver noro than +.O001 
So that tiis correctim fs neplected. 

An investiration of the effect of the “Bigkt of the He reare in 
tho Kach meter was also ~sde. -‘owever, at th: nipfhest “nch nu~vers 
this effect wes only to chan#e the zero roading of the ‘ach mumber 

-,002 so that this also was nerleotod,. 

“A correction for wind tunnel wall ‘taterf renew wes mace to the 
frees stream Mach number, usineg the matnod o” formala 53, page 72, 
in reference 8 vsing a gD of .025, a Sl of. 221 without Fla6s, end 
a _/ of 2046 -lth Slavs oxtended. The »ach nunver es read should 
be accurate to + 0.002, sny additional error due to the corrections 


should not be more than + .,008 B80 thet the tiach number is correct 


un obtaining values of Cy with no flaps quite ea substuntial 
cifferenecs in the values and the slone of the lift carvo from thoso 
in reference 15 was obtained. «a plication of wind tunnel wall 
corrections using the first three terms in formula 62, page 62 of 
reference 8 increased this difference. In previous work in this 


tunnel it had been assumed this wes due to immroner measurement of 


the angle of etteack. Reference 12 showed that this was not so, but 








that part of the differencd was due to the fact that all te lift of 
model “as "t being ~weasurced, anc rart to the non=unifori spanw.se 
Wet ‘str ibition. 

TsB -~agor for this was duo to two things; the retiiod of mea- 
surement of the lift, and the effect of the tunnel side wall ooundcary 
lavers om thé velocity and oressure distribution over the whole width 


of the model. ‘'. ©. Rell, in reference 10 showed that in inco~oressible 


flow for & lifting Line vortex: 
L W.s A. | ork; a =| eee 
2. — = wes ae UA eC. a 
L - ‘on , 


see Fig. 5a 


ana for ea vortex sheet: | A p(x) 
, C, E_ A(x) $ 








woe = Chord 
C = apl® 
Lh chovd ib 


where _ is the lift measured in the working seotion, L is the 
toval lifts, 2 P (x ) =— PE Pe 
anid D, = preseure on wind lower surface at position (x) along chord 


Mressure on wing upver surface at position (x) alone chord, 


i] 


Dey 


and w (£, —x) -— Tr (ka + x) 


A(x)= = tan e tO — Tan e A 
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see "ig. 5b 
Calculation of the percentage of lift measured in the wind tunnel in 
use bv the first method pave a percontafe of lift measured 91.0% and 


by the second néthod of 90.0%. 
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The equation then becane 
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‘olution of this eauation showed thet for increasing: Mec!. nueber a 







greater dercentaze of Lift was wseasured, Tais .reenlubd went fron 






SIS at © = 0 to 97> at P= 0.76. 






lO Cnn - of the 


d Ce ; 
aa “1: “ curve (Pig. 9) showed thet for this 





nodel only 67 of the lift at % = .2 was being mecsurwu ail 76.68 at 








ne Oe . ae oP e a ” ‘ ls i eta 
me .0o. SCR 2.2 then, 25.08 of MPL and at M = .£, 16.88 of Bie lift 





was Stiil unnccounted for. 





In roferonce 9, J. .., “reston showed that 
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Were © iw che chord léngth of tlie Aohel, 
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@ etn of the tunnel, 
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time Ci$piertement tri ekaesé: 
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Z\O& is the angle of attack induced by the vortex. 
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Usine the logarithric velocity vrofile of referance 15, narw 15, 


formule 445 -: J 19 (Ce) loo LE) J 

[i+ is (G)* boa. (+)| 

eubstituting of *. f prot tee or) tal) MG 
SM Giisa (8) hae (F)4(4) 
= JS( “Fie Loe * ) (4c t-1) 
= .1S (cy)* 


ror @ Mach number of O,2 the Reynolds number is 460,000, which 


N 








' from reference 16 cives a C of 0.00513. 


+ 
Then of = .0645 f 


The boundary layer wes computed from ao ee 3°T7] 


Ye 
(x) x 


where +A was the distance from the front end of the working section. 


/< 

Por this wind tunnel =0.38 (i a at the querter chord 
nosition of the model. 

ror a ach number of 0.2, Ss = 0,120 inches, The boundury 
layer actually determined in the tunne] with no model and at a Sach 
number of 0,2 was 0.15 inches; the discrenuncy was probably due to 
the entrence coneitions,. It was assumed for the computation that the 
boundary leyer started at the entrance of the working section where 


actually it started on the bellmouth, thus incr®asing the width 
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and fs = 16 xe 

at Ss oc, oy 2 ly the oquation @bore: wllowise Sor the 

conditions ff = .12. 

Por = 0.8, B, = 1,250,000 
eug( Ce) = ,0043 

then at S079 

This vives ACE = Loewy 


Ce 
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© Bim") 
“ summary of the lift teasurement is as follcws: 
Correction Correction Comp. 
for Cangth for Correction 
| © Lift of torking Boundary for Boundery Unaccounted 
Mach Go, dokcured ge> on Layer Layer for 
2 G7 2.5 16 (16.7) 7. 
a Tag Oo Loe7 (2720) 1.7 
of 82.4 4,0 ie — 2, + 
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"he correction for the leacth of the worcinz section was assumed 
to be accurate. Lift coefficients wera corrected for the wind tunnel 
walls and for this working section correcticn. The correction as 
detormined by Yreston is evidently of the rirht ordsr. -‘lowever, his 


* 
initial assumntion of a nair ol vortices, one at a distance a fron 











CLO Wall, One other Tho ame 1d) Ube wis a8 @Vide tly em Poed for 
e raves Yee durwel wl jae Obs limi toeioos efam tls tunnel size 

; ; : - : aX 

if. Mw vile of LlNe Comoutéeu oc aoplies only st the 


center ar tie tumapl. th & wall tunel the increate of ax coing, 
soutiwise from cee contyr tu Ye Cisplsacement thicknnss would matlerially 
affect the decrowent of lift. this coasideration woulc give en addi- 
tio el corr@otion, and it would be in the right direction. “oreover, 
no erfect +” comprossibility is teken into consideration in Prestn's 


oricinal assumption, If the Prenctl-Tlauert correction is applied 


the correction becores too large at hirher “ach numbers. 


Lao 


fonsecuently, it is evident thet « bouidery layer correction snould 
re sede, but that xore i:vestifretion is necessury, As the subject 
of this osocr is concerned nore with como ralive then with absolute 
velues, anid because of ths questionable accuracy, this correction 
was not mace, 

No comparison ia orecision can be mide as regards to absoluto 
values, “ach wall oressure measurement shoulc be accurate within 
O07 q. -ressure differences #ith no model in were never ore can 
one nillireter cf nercury; no correéctio:s to the wall pressures were 


mide as this cifferet.ce is included in whe estimate above, Lite trae 


‘os 


tion of these ocresfures by olanineter Should also be accurate to 0.571 q 
so that ZZ should be accurate within 1.0% 

The anple of attack measureneats by the theodolite are within 
+ ,03°, which tekes into account the slipoece of the ~ocecl due Co 


eerodyneric forces and the method of holling the flepe dom. ‘onse- 


quently, the precision of relative angles is within thia save error. 
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“2 VSB. ¢ Ohirves of refmiraees 12, nin getting un eatsoluite anrle of 
Bttack, Brie ke r IS Were correchées te Ores bir Agelea SF (arsine 
CT), ieee WO, retrenet ( uli oly tire first two thine. = Tie Qe Ge 
G@iyrio of attack 2B correct ithia c.21°. 
TN@ sensitdvity cf the schliereh enripment use? is vary hurd to 


Cefime accirataly. Yosbioly by lookine et the bountary lavor inf the 
“atares Sm Sy & compsrism to the cictures obt@ ine? in réferadcé 2 
. 

Leeea- De weep thag shies eqiimeens is ol -oGeentel? sensitiwe Ags 
the seisitivitye wes cnougk to shew the hentedutr ristem free he's 
ends Loe Cif i sokty way de i the fietiiog of tWkiag the siictireey 

Wee RU Cite hamedit:: thyaigro... Une divest i gnticn ave “aawmext- 
metals FOme. $c WiALte cordersetl weloclss were moetices 45 SE 
Scilierun screen, .0 effort was made to evelvate the ¢cPfoct of watur 
MEOr tree. tc tle air pe Se Pormetic€# 2° SMR Slt. wiltac.: 














PVOVLTS ALD NIGCUSETIN 


Tho lift coefficients dorived by the method outlined im PloCeLum 
were plotted on sig. 6 and curves drewn. Curves eo proximating the 
Ppl Brovert correction and the darman-tsien correction were druw2i 
from the sano coint on two of these curves for comparison. The dis- 
ercnpancy is probably due to the decrencnt of measured lift which would 
be loss at hirzh “ach mmbers, This then would indicate that the shase 
of tnese curves, if corrected onion bly, would a:>proach the Karmen- 
Tsien or Prandtl=Glauert approximations. Moreover, the dAarmun-/7sien 
and the rrendtl-Glauert approximations are not velid after the flow 
is locally suxersonic, which woald account for some of the difference. 


7 


The Cewax, Of the lower curves on Tiz. 6 agree vory closely 
with the curve of Cg,4y, vs. Hach number in reference 13, 

The hiehest “ech number points are the limiting values for this 
tunnel, At this point choking occured and no higher Mach numbers 
were obtained. ‘These choking points agree very well with the curve in 
Fig. 5, referonce ll. 

Figure 7a is a faired curve plot of Cp vs. u from the curves in 
Pie. 6. Fie Cp vs. c curves for this airfoil without flaps from 
roference 12 aro also plotted. In fairing the curves, an attempt was 
made to have all curves for any one flap location intersect on tho 
Cy equal zero line, 

The curves in most cases are straight lines below the stalled 
position, At these relatively high angles of attack, the stell at 
the higher Mach numbers is gradual. Two exceptios to the straight 
line curves are the curves with the flan at 30% chord at Mach number 


Ge 255 Bnd Gee, 








Loe 


Tig. 7b snows u elt of the slvpet of the curves in fig. 7a for 





two Nach numbers vs. tho fl@n location. This shows that there is @ 
— slone to the lift curve somewhere just aft of the 80) chord 
position, THis position of maximum slope is only slightly affected 
by Mach number below the stall. 

Pigs, 8a, 8b, 8c, 8d, Ce aro plots of the original data ooints 
on a Up vs. flap location gracsh, at various angles of attack and 
various Mach numbers. Curves were faired in between tho points. 

In fairing this ourve it would have beon possible to fair in a maxi- 
mum somewhere betwen 30% chord and 45% chord, but a study of the 
schlieren pictures indicates the maxirewm condition is slightly beyond 
the 4§.. chord position. The curves in feneral fall in the same pattern 
below the stall. After the stall has been reached, i.e., at the hicher 
Mach numbers, the curves cross those of lowsr Mach numbers, 

sag. 9 isa plot of Wk vs. ach number and includes the 
theoretical Prandtl-Glauert curve, and the curve for no flaps from 
fefcrence 12. Tne curve for some optimum location of tho flap, 
acain somewhere aft of 30% chord, is materially larger than the curve 
for the no flap noswenem 

The difference between the no flap curve and the theoretical 
ourve has already been discussed in COliJCTIONS, Because of this 
difference, all curves would be moved unward to sive absolute values, 
but the relative diffcrences would remain approximately the samo, 

ig. 10 is & vlot of the ohange of Cy from the model with no 
flaps for the three flap locatiors at various “ach numbers vs. anrle 


of attack. 

















a o 
= = ge fe ie es ==. 5 < > ae 
rrrerRHN ee AM Ae om of ~S we Fish we ~~ acy > = 
We WIE Ped SOI se 8. ‘ Ned Abate Avi 
e&~- 
ao, ane . ‘i ; 7 i 
ATaFt 7 ~° i : 7’ fy 

quite rapidly ord, and 


is still increasing slightly as the flep is moved aft to 45) chord. 


when moving the flap from 15% chord to 30” 













This is @nothor indication thet the maximum lift positio for the flag 
4s slitbtly oft of the 45% ohord locaticn. 

Fig. 11 is a plot of ths change of Cp» fron the model with no 
Fleps at verious angeles and “ach numbers vs. the flap location. This 


plot shows thet the maximum lift increment in all cases has yet to 


be reached, It also shows that at a constuns ‘ach number increasing 








the angle of attack decreasos the increment of lift obtained. This 


indicates that the increment of lift obtained in increasing the ar 





ple 





of attecl: with the flaps extended is less than the increment obtained 
»when the angle of attack is increased using no flaps. 
The sloves of ‘these curves at each flep loeation are practically 

the sane. fA vlot of the slopes vs. the flep location in Fig. 12 
shows thet the rate of change of slope docrceases very rapidly as the 


455% chord »osition is aporoeched. Fiz 


¢>°¢ 


12 shows again that tho maxi-e 
mum increment of lift would occur slightly aft of the 46% chord posi- 
tion. 

Fig. 13 is a survey of the formation of shock waves on the modol 
with the flap at 15% chord, 30% chord, and 45% chord at an angle of 
attack of three degrees end from just after the shock weve starts 
up to wind tunnel choking. This is & ropresentative set of pictures as 


the shock waves form in tho same manner for all anzlos of attack. 





The sequence of formation and movement of the shock waves is as follows: 


A small leminar shock first appears just aft of the nose, This forma- 





tion 4s Sifsltr to Ulic Fegortes in relrence 12 for Wigh asgler of 


y 


60% si, 16 @rtes With refer} ice ll as these anrlos, althaagh eeall 
fh reference to the jeonretric angle, art rcelitively large in reference 
to the ayrcle of Brro lift. 

The second siock Oscurs at about 50) chord at a Mach number of 
about .04 to .O7 higher. Av first chis also is @ lavinar Shock, 


im some cages “he formation of this second shoe's is preceded by the 


~~ 


Pormaciow of wany eaall shocks just ahead of it. This shonomenon 


may DMve caused *hv irregwlarities in the two lift qrves in Tif. 7a. 


mes tw Mech nuaSer iicreases both shocks move aft on the surface, 

The first Shosk wive Se.de to move swo from the surface an aopreciable 
mistince witile thse sezo.d siiocke is still lawinar. This phenomenon 

ean be seu at 30). chord, '. = .648, In so~e cases the secoid shock 
wavo vevhmes & forked shock wave, as siown in this same picture and 
Pine OapeY right heer picture of Pit. 13. 

«3 che Woch nunber is incrwased the Ssecoad sitock noves aft anc 
goes from a laminar tyse shock wave te a turbulent type shocl wave. 
-1is type of wave is recoslized by the trienrular baso and the inclin&é- 
cion downstream (See reference 3), The lest pictures show the shock 
extemling to ths tunnel well, thus imiicating choking of the wind 
vuriel. 

-cference $ notes that movement oft and conseauent strengthening 
of the snock Wave causes the n29ak ne ative vrossurs to move aft on 
the airfoil. This increases the araa of the “D vs. 4. Girve, Ris 


an effect increases the lift coefficient of the air'’c 


QO 
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Moving the flar 





) chord position aft hastens the formation of the 





shock as is seen in the loft hand pictures in Tig. 13, 


Mach nurber the strength of the shock wave increases as the flap 








location is wovec aft. lHowever, it is ovident thet the change of 

strength is more pronounced in gcoing fron 15) etmrd to 30% chord 

shan from SO. chord to 45,) chord. Tiis conclusion agrees with the date 

presented in “ig. 8. : 
Tire 14 is @ survey of the formatioa of shock waves on tho model 


with the flep position at 45% chord in inercasing the angle of attack 


from 1° to 3°, The formation of the shock waves ata constant ang. 





of atteck ween the Mach number is increased is similar to the previous 
discuscion. Increasing the angle of attack at a coistant Mech number 
gy 

——_ 


hastens the formation of the waves, which in effect increases the 


Filet. 


*sj 


ig. 15 shows some schlieren pictures of the model with no flap os 
Again the formation of tho shock waves is similar. Compllriédn between 
fig. 16 and Fis. 13 shows that the formation of the shock waves | 
at a such lower “ach numb?r whea flaps are used due to the effoctiva 


canber caused by the flaps and the higher induced velocities on the 


upper surface of the sirfoll. 
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Ave recovery flaps materially inermass She lift of an eirfwil, 


at hivh #ach numbers enc low ancles of attack. The maxinny, Lift ie 


aA Ce 


obtained slirhtly aft of the 45 chord locations; the maxinum ae 





is obtained slicthtly aft of the 307% chord location. The rate of chanye 
of DY as the flap is roved alons the chord is sot materially affeoted 
by chanres in anrle of attack or Mach number. “The flans and rovemunt 
of the fiap location aft hasten the formation of shock waves, but tim 
develonnent of the shock nattern and ~ovement of these shock waves arc 
not effected by chanzve in flap location or chanre in angle of attack, 
plthouch ther are affected by “Nach number. ‘The shock wave confi~ra- 
tion is directly rolated to the lift: »credictions of chanre in bift 
can be made b- e study of schlieren ohotorranhs of the shock waves. 
“easurement of the Lift by intecratine the oressures over the 


top and bottom of the tunnel for this tyne tunnol is not ede-uate 


to vive absolute values of lift without further investifration. 





RE CQRBORR AT LOMe, 


ae oe 


il the accuracy of the results may ke increased by redesipning tho 
manometer board to allow the use of alcohol or lead nerchlorate as 
the fluic for hirh lift coefficients. 

a The schlieren photographs may be bettored by changing the method 
of taking photogranhs. <A closed camera with a shutter so thet data 
recording may be done with tho lirhts on, and no extrsanoous light can 
get on the filmis required. 

C. The wind tunnel working section should be redesigned to permit 
cleaning the glass without removine the model. Substitution of a 
steel] plate with a mirror finish on -ne side for one of the elass 
Sides should be considered. This would result in the ca.plete ree 
— of the Schlieren equipment, but would have meny advantares; 
the main one is that it could be used for a working side. 

oe It is feasible that a balance system and a simoler, ~ore accessible 
angle of attack mechenism could be designed for the wind dtied 

o An investigation of the boundary layer effect on the noressure 
coefficient should be made with models of various lengths. 

oe 4n extension of these results should be meade, varying the length 
of the flap and varying tho deflection argle, 

Te Some investigation should be made of the effect of water vacor 


and/or dust particles on the formation and development of shock waves, 
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Model of NACa Airfoil 65, 1-Ole 
Equipped with Dive Recovery Flap 
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